from the masts was cut into 2-m sections and the dye was (1978), Akesson and Yates (1974, p. 92-98), Riley and extracted from 2-m sections of the string using 10 mL of Wiesner (1989), Richardson et al. (1995), and the U.S.
from the masts was cut into 2-m sections and the dye was (1978) , Akesson and Yates (1974, p. 92-98) , Riley and extracted from 2-m sections of the string using 10 mL of Wiesner (1989) , Richardson et al. (1995) , and the U.S. nation to the environment, unless the application process is effectively managed. When pesticides are applied Full-Field Drift Tests close to sensitive areas, management strategies are em-
The off-target transport of droplets resulting from the comployed that can significantly reduce the off-target aerial mercial application of endosulfan was monitored during the movement of pesticides. This paper summarizes the 1993 to 1998 Australian cotton seasons (Woods et al., 1998a). work carried out from 1993 to 1998 to assess the aerial In crop deposition characteristics were assessed by sampling transport of pesticides on selected cotton properties and leaves from top, mid, and low positions on the cotton plant. Ground deposition was assessed using 1-m-long chromatogradevelop effective spray drift management strategies. phy paper-covered rulers placed perpendicular to and alterTwo methods of endosulfan aerial application were nately half in and half out of the row. The leaf area index of studied: (i) ultra low volume (ULV) endosulfan (240 g/L the cotton canopy was assessed using the light squares method oil-based application at 3.0 L/ha rates using Micronair (Constable, 1986) . Off-target transport of droplets was mea-AU5000 rotary cage nozzles [Micron Sprayers, Bromsured using an array of collection surfaces consisting of chromatography paper placed upon horizontal flat plates (usually 
fan application. ers including Dorr (unpublished data, 1996) and Bird et al.
Airborne drift @ (1996) .
m (%) 18 6 Leaf coverage
Parameters were entered into the models ( The relationship between endosulfan droplet volume (Woods et al., 2000a) . Applications of both endosulfan ULV median diameter (VMD) and Micronair AU5000 cage (applied at a rate of 3 L/ha using Micronair AU5000 equiprotational speed, at airspeeds of 51 m/s (100 knots) and ment) and endosulfan EC (generally applied at a rate of 67 m/s (130 knots), is illustrated in Fig. 1 . The curves 2.1 L/ha in 30 L/ha using CP hydraulic nozzles) were assessed illustrate that cage RPM and airspeed were the most (Table 1 ). An Environdata (Warwick, QLD, Australia) meteoimportant factors governing droplet VMD, with formurological station was used to record wind speed (at 2 and lation type and flow rate having less important effects. is an important factor determining droplet size. The ef- Table 2 . Constants assumed in computer modeling (curves of Fig. 4 and 5) . The data show the decline in deposit with distance from was to decrease VMD from nearly 300 m to less than the edge of the sprayed area when ULV and LV tech-200 m for the CP nozzle with a 30Њ deflector setting.
niques were used. Some data points were corrected to account for variation in wind direction. A high degree
Single-Flight-Line Drift Tests
of variation in off-target deposition values was observed Simultaneous comparisons of the airborne drift from between the trials, which is indicative of the range of ULV and LV aircraft delivery systems are summarized meteorological and operating conditions observed. With in Fig. 3 . The results were expressed as a percentage of a coarse average taken across all trials, mean off-target the applied rate from the aircraft. This data demondeposition values (in g/m 2 ) at a downwind distance of strates that the selection of large droplets using CP 500 m fell to approximately 2 and 1% of the fieldhydraulic nozzles with a 30Њ deflector plate (VMD valapplied rate for ULV and LV applications, respectively. ues of about 250 m) reduced the detected airborne These values compare reasonably with figures of apfraction measured at 100 m downwind of release by a proximately 1 and 0.3% predicted by the Gaussian diffufactor of two to three times compared with the AU5000 sion and AgDRIFT models for a 500-m-wide field ULV application system. source width with neutral conditions (Fig. 4 and 5) . Agreement between the two computer models was gen-
Full-Field Drift Tests
erally good for downwind distances greater than 100 m. Actual off-target deposition profiles obtained on pa-
Mass Balance
per-covered flat plates placed 1 m above the ground and downwind of the field during the monitoring of the Normalizing mean figures to a 500-m-wide field (Fig.  6) , deposition upon cotton leaves was approximately 60 commercial field trials are presented in Fig. 4 and 5. The data show the combined results from a number of and 50% for ULV and LV application, respectively. cotton leaves crop surfaces was roughly equivalent for Ground deposition was notably higher at approximately ULV and LV application, but losses to the air were 45% for the LV spray compared with 25% for the ULV higher with ULV applications, and losses to the ground spray. Of the total amount released per unit crosswind were higher with LV applications. The high variation distance over a 500-m-wide field source width (in g/m), approximately 14% moved across the downwind edge in data between trials was accounted for by the wide of the field, with approximately half of this depositing range of windspeed, temperature, humidity, atmowithin the first 500 m downwind. With LV application, spheric stability, and crop structure encountered. this figure was approximately 7%, with most of this Gaussian diffusion and AgDRIFT computer models (5%) depositing within the first 500 m.
(using droplet size data from laser difraction studies) have been successfully compared to the experimental data derived from this study. These models have proved
CONCLUSION
useful in recommending spray drift buffer distances for A comprehensive series of trials undertaken from implementation in spray drift management programs 1993 to 1998 has helped to quantify the aerial transport (Woods et al., 1998b; Dorr et al., 1998) . The slight elevaof pesticides that occurs during normal commercial aption of the AgDRIFT curve at mid-distance (Fig. 5 ) compared with the Gaussian diffusion model (GDM) plications of endosulfan. Mean spray deposition upon reduced and losses to the ground may be increased.
Teske, E.M., S. Bird, D. Easterly, S. Ray, and S. Perry. 1997. A users Future studies will be aimed at quantifying these effects.
guide for AgDRIFT 1.0: A tiered approach for the assessment of spray drift of pesticides. CDI Tech. Note no. 95-10. Prepared on
